The aim of this particular study is to determine the efficacy of scrotal embedding technique in children with overly deficient penile shaft skin, which takes advantage of the rich vascular supply of the scrotal layers and provides adequate tissue coverage. We give the operative and clinical details of two consecutive cases for which we preferred scrotal embedding technique to replace deficient penile skin. The mean operative time for the first and second stages was 72.5 and 52.5 min, respectively. Intraoperative and postoperative courses and convalescences were uneventful. The patients were hospitalized for a mean duration of 2 days. After a mean follow-up of 29 months, cosmetic and functional results were satisfactory. Scrotal embedding technique should be considered as a feasible surgical alternative while reconstructing the penile shaft in iatrogenic cases with overly deficient shaft skin.
Introduction
Penile skin deficiencies in children are usually the result of radical circumcision. [1] Removing too much penile skin may induce the formation of a circumferential scar tissue that pulls the penis proximally. The penis eventually becomes trapped in the suprapubic fat pad. [2] The true incidence of penile denudation and associated entrapment is unknown because available data consists of sporadic observations at single centers. Although it is a rarely encountered clinical condition, it may cause hygienic problems, voiding difficulty, and sexual dysfunction. Moreover, it may lead to psychological distress in patients and their parents.
Many different surgical techniques have been described to correct penile skin deficiency. However, data are scarce regarding the optimal approach for children who have a persistent deformity despite previous treatment attempts and for those who have an excessive cutaneous deficiency. This study aimed to determine the outcome of scrotal embedding technique (SET), which is a two-staged procedure, to correct penile skin loss in children who underwent previous unsuccessful surgical and/or nonsurgical interventions.
Case presentations
In our department, the two-staged SET was performed in two children.
Case 1
A 13-year-old child presented with a buried and rotated penis. He underwent circumcision ten years ago, and the penile shaft was "buried" under the suprapubic fat pad because of overly resected shaft skin. Following circumcision, he underwent three unsuccessful operations. The application of a graft harvested from the thigh (five years ago) and removal of scar tissues (three and two years ago, respectively) did not yield satisfactory cosmetic results. On physical examination, the penile shaft was partially trapped under the suprapubic adipose tissue. Approximately a quarter of the penile skin was extragenital, and the penile shaft was almost completely covered by scar tissue. The penis was curved to the left, and the glans penis was twisted 45° in counterclockwise direction (Figure 1a ).
Case 2
A 2-year-old child who underwent circumcision five days earlier in another center presented with a necrotic lesion not completely covering the glans penis and subcoronally projecting downward. Hyperbaric oxygen treatment was applied, and some improvement was observed in the necrotic glanular lesions. However, a ring-like scar tissue, which was formed during the healing process, proximally retracted the penis. Eventually, the penile shaft was partially concealed within the suprapubic fat pad.
Surgical technique
Both patients were scheduled for two-staged penile reconstruction. During the first stage, the penile shaft was transposed through the intrascrotal tunnel. The penis was released from the intrascrotal tunnel during the second stage. Operations were carried out under general anesthesia with the patient in supine position. Prophylactic second generation cephalosporins were intravenously given during the induction phase of anesthesia. Operative details are described below.
First stage
A longitudinal traction suture was placed deep into the glans penis. Following subcoronal circumferential incision, the penile skin was completely degloved down to the penopubic junction. The scar tissue was excised from the extragenital skin. Afterward, a transverse incision was made in the lower part of the scrotum, and an intrascrotal tunnel was created between the skin and dartos layer. Then, the penis was embedded under the scrotal skin and was drawn through the distal opening of the tunnel. Three sutures were placed between the scrotal skin and distal penile skin to ensure "penile scrotalization" (Figure 1b ).
Second stage
The second stage was carried out six weeks after the initial operation. After bilaterally incising the scrotal skin at the penile base, the skin around the penis was separated from the remaining scrotal skin ( Figure 1c ). While doing that, a dog-ear incision was made to preserve natural the testicular contour. The scrotal skin defect was closed by longitudinal sutures. The wound was covered by a loose compressive dressing.
Results
The operative duration was 80 and 55 min for the first and second stages of the initial case, respectively. Stage 1 and 2 of the second case lasted 65 and 50 min, respectively. The clinical courses were devoid of any intraoperative and perioperative complication. Convalescences were uneventful. They were hospitalized for a mean duration of two days. After a mean followup duration of 29 months, the cosmetic and functional results were satisfactory (Figure 1d and Figure 2a-d) .
Discussion
Burns, various traumas, infections, lymphatic malformations, dermatological illnesses, and surgeries are among the most important causes of penile skin defects. [3] Although the true incidence is not known, circumcision may be regarded as the primary etiologic factor underlying penile skin deficiencies. Especially in countries where circumcision is accepted as a religious obligation, children with superficial penile denudation should be questioned about the operative details (timing, surgical method). Penile skin loss, which is most likely the result of excessive cutaneous resection during circumcision, may also cause the penis to become trapped in the suprapubic adipose tissue. [4] This concealment may lead to secondary phimosis, recurrent balanitis, voiding problems, sexual dysfunction, and social embarrassment. [5] Maizels et al. [5] proposed a classification system for concealed penis. It consists of three distinct subtypes, including buried, webbed, and trapped penis. Congenital buried penis is the result of dysgenetic dartos fascial bands or vestigial cloacal veil remnants retracting the phallus into the suprapubic fat pad. Excessive suprapubic adipose tissue and inadequate attachment of the penile skin to the shaft may contribute to these underlying disorders. [5] Iatrogenic cases in children commonly result from radical circumcision. Excessive resection of the foreskin without fixation of the penile skin to the Buck's fascia can result in deficient penile shaft skin, which worsens the condition and leads to scarring.
Primary suturing, skin grafting, and local flaps may be used to correct penile skin defects. If the phallus is partially or com- pletely embedded in the suprapubic adipose tissue, additional interventions may be necessary. These may include scar release, graft application, penile or scrotal Z-plasty, dorsal tacking of the suprapubic dermis, and removal of the suprapubic adipose tissue. [6] [7] [8] [9] [10] In order to achieve a successful surgical result, the penis must be freed from any tethering or webbing, and sufficient penile skin coverage has to be provided. Additionally, the proximal penile skin has to be fixed to the underlying fascia to prevent the penis from pulling down and out of the shaft skin. [11] Cases with deficient penile skin constitute a real therapeutic challenge even for the most skilled surgeons. In severe cases, this deficiency may necessitate the use of rotational flaps or grafts for tissue substitution. [2] However, these procedures are technically demanding and require a thorough understanding of anatomical details and reconstructive principles.
The scrotum is an ideal substrate for providing skin coverage because it stretches easily and is pliable, making it useful for penile shaft coverage. Additionally, scrotal layers receive blood from several vessels. The dartos fascial layer beneath the penile and scrotal skin contains interconnecting circulation originating from the deep and superficial external pudendal vessels and internal pudendal vessels. The external pudendal arteries originate from the femoral artery, continue as the anterior scrotal arteries, and send branches to the dorsal penis. The scrotal posterior surface is supplied by the superficial perineal artery, which is a branch of the internal pudendal artery.
Owing to its blood supply, tissue characteristics, and anatomical proximity to the phallus, it can be considered as a readily available vascular bed, which may replace deficient penile skin once the penile shaft is temporarily harbored within. Zhao et al. [12] used scrotal skin flaps to reconstruct partial penile defects resulting from circumcision, animal bite, and tumor dissection. Besides optimal cosmetic results, they reported retained sensory and erectile function in all their patients. They also mentioned the importance of scrotal skin flaps having a dual blood supply. Branches of the external and internal pudendal arteries supplying the scrotal wall connect with each other and form the vascular network of the scrotal skin. Thus, the skin flaps can survive because of the fascial vessel network, and flap necrosis rarely develops. [12] These findings highlight the importance of scrotal vasculature particularly when used for reconstructive purposes.
There are few data about SET in the literature. In a review article, Kelemen et al. [13] evaluated different surgical techniques in patients with penile deformities and tissue deficiencies. They observed the best cosmetic results with skin replacement via temporary embedding of the penis in the scrotum. Zucchi et al. [14] used this technique for 10 adult patients with buried penis. They reported satisfactory cosmetic and functional results after a median follow-up of 20 months. The median visual analog scale score for patient satisfaction was 97. Additionally, the patients enrolled in this study considered the relatively thicker scrotal skin to be better than the native skin in terms of cosmetic appearance.
Our patients were suffering from excessively deficient shaft skin. Radical circumcision and non-healing ischemic necrosis were the reasons for this deficiency and hence, the buried appearance of the phallus. Temporary transposition of the penis into the scrotal tunnel provided adequate coverage for the skin defect. After dissecting the penile shaft off the tunnel, direct closure of the skin defects was possible. The eventual cosmetic result was satisfactory in both our patients.
For pediatric penile skin deficiencies mainly because of excessive resection during circumcision, scrotal embedding is advantageous because it provides elastic, thick, and vascular skin coverage. The small sample size and short follow-up period are the main limitations of our study. However, for surgeons who have limited experience in reconstructive penile surgery and for those dealing with refractory, iatrogenic cases with local skin deficiency, SET may represent a viable surgical alternative.
SET may be used while reconstructing the penile shaft in iatrogenic cases with an overly deficient shaft skin. Buried penis and ischemic necrosis of the glans penis, which persisted after conservative and/or surgical treatments, were the indications to proceed with SET in our series. A two-staged approach, which takes advantage of the scrotal vasculature and surgical easiness, may be more definitive while dealing with iatrogenic, refractory penile skin deficiencies. Further studies enrolling 
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